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(57) An oxygen-quenchable phosphorescent 
metal-ferron complex formed by at least an ion 
aluminium complexed with at least a ferron 
molecule. Said metal-ferron complexes can be 
immobilised on a solid support, such as an 
ion-exchange resin. From said complexes an 
oxygen optosensor, a flow-injection analysis 
system and an oxygen monitoring method 
based on room temperature phosphorescence 
lifetime determination are achieved. Application 
in biomedical analysis. 
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The invention relates to oxygen-quench able 
phosphorescent metal-ferron complexes for the de- 
tection and measurement of oxygen in gas mixtures 
and liquid samples, which are useful in the scientific 
field and, particularly, for medical applications. 
These metal-ferron complexes, when protected by or- 
ganised means, such as micelles or vesicles, within 
a solution or immobilised onto a solid matrix, such as 
an ionexchange resin, exhibit sensitively oxygen- 
quenchable room temperature phosphorescence 
(RTP). The invention also relates to a method for the 
effective and simple immobilization of said materials 
onto solid supports by an ion-exchange process. The 
invention further comprises an analytic method for 
the detection and monitoring of oxygen, based on the 
measurement of RTP lifetime of said materials, and 
a flow-injection analysis system (FIA) which makes 
use of an oxygen sensor, also according to the inven- 
tion, as a transducer in oxygen-mediated biosensing 
reactions. 

Background of the invention 

Oxygen concentration measurement in gas mix- 
tures, aqueous samples and biological fluids is an es- 
sential and most frequent practice in analytical labo- 
ratories, process plants and medical centers. Cur- 
rently, the most widely used method for continuously 
determining and monitoring oxygen concentration is 
an electrochemical sensor based on Clark's elec- 
trode. However, electrochemical sensors have some 
drawbacks, such as constant bias (i.e. due to elec- 
trode fouling), lack of reproducibility, unavoidable 
electrical connection to patients, need of a steady- 
state supply of oxygen to the sensor surface, and the 
like. Consequently, alternative technical solutions 
have been searched, such as optical oxygen sensors. 

Advantages of the optical sensors, particularly 
those based on optical fibers, are their potential 
small size, inertness and high flexibility of the fiber, 
being all these characteristics greatly desired for in- 
vivo applications. 

Almost every oxygen optical sensor described so 
far is based on the fluorescence intensity decay of a 
suitable indicator when quenched by molecular oxy- 
gen (which in its fundamental state is a triplet). In the 
last years different fluorescent probes and indicators 
have been disclosed as suitable for oxygen sensing, 
for example those described in EP-A-01 90829 and 
EP-A-0252578 patents. Polycyclic aromatic hydro- 
carbons and their derivatives are most commonly 
used for two main reasons: a) their luminiscence is ef- 
ficiently oxygen-quenched, and b) are fairly soluble in 
a silicone matrix, which in turn is highly permeable to 
oxygen. 

The main disadvantages of said fluorescence- 
quenching based oxygen sensors are their insuffi- 
cient sensitivity, which leads to poor accuracy in 



some important cases, and the high background sig- 
nals, which still further deteriorate the detection lim- 
its. In fact, the analytical signal detected when using 
fluorescent oxygen sensors is made of, to a great ex- 
5 tent, background noise in addition to the oxygen- 
quenched luminiscence signal. This background 
noise comes from the reflections of the incident light 
and from the broadband luminiscence generated by 
other elements of the system, such as the optical fib- 
to er and/or the polymeric matrix used in the manufac- 
ture of the sensor (See patent EP-A-0259951). 

Phosphorescence-quenching based oxygen sen- 
sors are generally more sensitive and have lesser 
background noise than those based on fluorescence. 
15 Oxygen-quenchable phosphorescent indicators 
show long-lived phosphorescence emissions and so 
a delayed measurement of the luminiscence is possi- 
ble after the energy of the excitation source and the 
eventual background noise have ceased. Therefore, 
20 better sensitivity and accuracy can be obtained by 
the use of phosphorescence based sensors. For ex- 
ample, in patent EP-A-0259951 it is disclosed an oxy- 
gen-quenchable phosphorescent sensor based on 
lanthanide complexes and a Schiff base (or p-dike- 
25 tone) incorporated to a polymeric matrix. 

Summary of the invention 

A general object of the invention is to provide 

30 highly sensitive oxygen-quenchable phosphorescent 
materials, having favourable chemical, physicochem- 
ical and spectroscopic characteristics for sensing 
phase construction, for example: photochemical sta- 
bility, adequate excitation and emission wawe- 

35 lengths (400 and 600 nm, respectively) for presently 
available optical fiber technology, wide Stokes shifts 
(i.e. 200 nm) and long lifetimes of the excited state 
(0.3 ms approximately) in order to allow measure- 
ments with simple and low-cost instruments. More- 

40 over, the sensing materials of the invention are rela- 
tively inexpensive and easy to prepare. 

Another object of the invention is to provide a 
method for the easy and effective immobilization of 
said phosphorescent materials onto solid supports, in 

45 order to allow oxygen monitoring for different purpos- 
es and on different environments, including gas mix- 
tures, aqueous solutions and organic solvents. 

A further object of the invention is to provide a 
method for the detection and measurement of oxygen 

so concentration based on the measurement of RTP life- 
time of said materials. 

Still further objects of the invention are the pro- 
vision of an oxygen optosensor according to the ma- 
terials and methods of the invention, and a flow- 

55 injection analysis system (FIA) using said oxygen op- 
tosensor as a transducer in oxygen-mediated bio- 
sensing reactions. 

According to the invention those objectives are 
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achieved by an oxygen-quenchable phosphorescent 
material, formed by at least a metal cation, selected 
from the group consisting of aluminium, gallium, in- 
dium, niobium and zirconium, complexed with at least 
a ferron molecule. Said material can be incorporated 5 
to a micelle solution, preferably a solution of cetylt pi- 
rn ethyl ammonium bromide (CTAB) with a concentra- 
tion of CTAB higher than IxlQ- 3 M; or a solution of ve- 
sicles, preferably a solution of dodecyldimethylam- 
monium bromide (DDAB) with a concentration of 10 
DDAB higher than 5x1 (H M; or immobilised on an 
ion-exchange resin, which beads are preferably dis- 
posed on a polymeric matrix formed from a silicone 
elastomer. 

The phosphorescent materials of the invention 15 
preferably comprise at least one free S0 3 group. 

According to the invention, a method for immo- 
bilising on a solid support an oxygen-quenchable 
phosphorescent material comprises the steps of: 

- preparing an aqueous solution containing at 20 
least a metal cation, selected from the group 
consisting of aluminium, gallium, indium, nio- 
bium and zirconium, and at least a ferron mol- 
ecule, 

- preparing a column packed with an ion-ex- 25 
change resin, previously conditioned and 
washed until neutral pH, 

- passing said aqueous solution through the col- 
umn, at a flow rate which promote the ion-ex- 
change process, 30 

- washing the treated ion-exchange resin with a 
saline solution and water, and 

- removing and preserving until use as an oxy- 
gen-quenchable phosphorescent material the 
beads of said ion-exchange resin, which is, 35 
preferably, a strong basic an ion-exchange res- 
in. 

According to the invention, a method for detect- 
ing or measuring the oxygen concentration in a sam- 
ple comprises the steps of: 40 

- contacting an oxygen-quenchable phosphor- 
escent material, formed by at least a metal ca- 
tion, selected from the group consisting of alu- 
minium, gallium, indium, niobium and zirconi- 
um, complexed with at least a ferron molecule, 45 
being said material incorporated to 

- a micelle solution, or 

- a solution of vesicles, or immobilised on 

- an ion-exchange resin, with the oxygen 
containing sample to analyse, and exposing so 
it to luminous radiation, which produces 
phosphorescence in said complex, and 

- measuring the variations in intensity and/or 
lifetime of the phosphorescence emitted by 
said metal-ferron complex resulting from the 55 
contact with said oxygen-containing sample. 

Also according to the invention, an oxygen opto- 
sensor comprises an oxygen-quenchable phosphor- 



escent material, formed by at least a metal cation, se- 
lected from the group consisting of aluminium, galli- 
um, indium, niobium and zirconium, complexed with 
at least a ferron molecule, being said material immo- 
bilised on an ion-exchange resin. Preferably, the met- 
al-ferron complexes immobilised on the ion-ex- 
change resin are disposed in a silicone membrane 
supported in the quartz window of a flow-cell, and the 
silicone membrane can be covered by a second te- 
flon or polyethylene membrane. 

The optosensor according to the invention, is 
useful for monitoring oxygen in aqueous samples, in 
organic solvents or in gas mixtures. 

According to the invention, a system for detecting 
or measuring the oxygen concentration in gaseous or 
aqueous samples by a flow-injection analysis system 
comprises: 

- an oxygen optosensor as above described, 

- a spectrofluori meter connected to said opto- 
sensor, 

- means for processing and evaluating the sig- 
nals emitted by the spectrofluori meter, 

- a flow-circuit for the sample to analyse, 

- a first column, in the flow-circuit, packed with 
an interference-removing material for the opto- 
sensor and spectrofluori meter, and 

- a second column, also in the flow-circuit, 
packed with an oxidase enzyme. 

The above system is also applicable for detecting 
or measuring the concentration of glucose in sam- 
ples. In this case, the second column will be packed 
with a glucose-oxidase enzyme. Whatever applica- 
tion of the system, the optosensor works as a trans- 
ducer of oxygen-mediated biosensing reactions. 

The invention together with additional character- 
istics and advantages thereof will be best understood 
from the following description of embodiments of the 
invention when read in connection with the accompa- 
nying drawings. 

Brief description of the drawings 

Figure 1 is a diagram of an example of optosensor 
system for a flow of an oxygen-containing solution, 
according to the invention. 

Figures 2 and 3 are schematic views of an exam- 
ple of flow-cell usable in the system of Figure 1. 

Figure 4 is a graphic diagram showing the re- 
sponse in arbitrary units (a.u.) of an oxygen optosen- 
sor according to the invention, towards gaseous oxy- 
gen at different concentrations. 

Figure 5 is a graphic diagram showing the re- 
sponse in arbitrary units (a.u.) of an oxygen optosen- 
sor according to the invention, towards gaseous and 
aqueous samples. 

Figure 6 is a diagram of an example of flow injec- 
tion analysis system usable in oxygen-mediated bio- 
sensing reactions, comprising an optosensor accord- 
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ing to the invention. 

Detailed description of the invention 

According to the invention, a material useful for 5 
the detection and measurement of oxygen is an oxy- 
gen-quenchable phosphorescent metal-ferron com- 
plex, both in solid and liquid form, for oxygen-sensing 
purposes. In solid form, the support is preferably an 
ion-exchange resin, whi le in solution form the protec- 10 
tion of organised means, preferably micelles and ve- 
sicles, is required. In the metal-ferron complexes of 
the invention the metal cation is selected from AI(III), 
Ga(lll), In(lll), Nb(V) and 2r(IV). 

It has been found that the above cations form sta- 1 5 
ble complexes with ferron and exhibit strong room 
temperature phosphorescence (RTP) in the presence 
of micelles or vesicles, or when immobilised on ion- 
exchange resins. Moreover, the observed RTP emis- 
sion is very sensitive to the presence of oxygen. 20 

Also, it has been found that amongst the various 
types of organised means, only those positively 
charged, for example micelles formed by cetyltrime- 
thylammonium bromide (CTAB) or vesicles formed by 
dodecyldimethylammonium bromide (DDAB), en- 25 
nance the RTP emission of the metal-ferron complex, 
preferably aluminium-ferron. The observed RTP 
emission of an AJ-ferron complex in solutions with or- 
ganised means is extremely sensitive to the presence 
of oxygen. 30 

Also, it has been ascertained that the presence 
of at least one free S0 3 group in the metal-ferron 
complex is essential for proper RTP emission. It is be- 
lieved that the strong interactions between the S0 3 
groups and the positive superficial potential of rigid 35 
surfaces, for example surfaces of beads of anion- 
exchange resins, or pseudorigid surfaces, for exam- 
ple positively charged micelles and vesicles, allow 
the complexes (or triplet) to reside in a more rigid mi- 
croenvironment thus reducing the probability of colli- 40 
sional radiation less energy loss or deactivation of the 
triplets. 

Furthermore, the presence of S0 3 functional 
groups in the complexes makes very easy the con- 
struction of the sensing phase by the immobilization 45 
of said phosphorescent complexes on solid supports, 
via an ion-exchange process. The solid supports can 
be anion-exchange resin beads or membranes, more 
specifically strongly basic anion types. 

For the immobilization of the phosphorescent so 
complexes of the invention on the an ionic-exchanger, 
the solutions are passed by conventional pumping 
through a minicolumn packed with wet resin beads. 
Teflon or polyethylene tubings can be used for sup- 
plying the minicolumn with the flow of solutions from 55 
a reservoir. 

The following example describes a preferred em- 
bodiment of the process for preparing an oxygen 



sensing material according to the invention. 
Example 

Preparation of an Al-ferron complex immobilised on 
beads of an ion-exchange resin. 

In a flask of 100 ml of capacity, 0.3 ml of a solu- 
tion of Al(lll) (1gmM), 25 ml of a solution of ferron 
(Fluka AG, Switzerland) 3x1 Or 3 M, and 10 ml of buffer 
solution of pH 5.5 acetic acid/sodium acetate are add- 
ed. The solutions are mixed and water is added until 
full capacity of the flask. The flow-circuit (teflon tub- 
ing) for a minicolumn packed with 0.25 ml of strong 
basic anion-exchange resin (Dowex 1x2-400, Sigma) 
is first cleaned with solutions of HCI 6 M and 2 M until 
no atomic absorption signal from iron is observed for 
the eluent. Then the system is washed with water till 
neutral pH of the eluent. With a peristaltic pump (Gil- 
son Minipuls 2) the solution of Al-ferron complex pre- 
viously prepared is passed through the minicolumn 
packed with the resin, at an average flow rate of 1 
ml/min. The resin is washed with a solution of NaC1 1 
M and then with distilled water. The so treated beads 
of resin (oxygen indicator) are removed and pre- 
served in distilled water until use. (End of the exam- 
ple). 

The RTP producing complexes thus immobilised 
on the anion-exchange resin do not leach out by wa- 
ter nor by common organic solvents (ethanol, acet- 
one, etc.). Moreover, the RTP emission from the re- 
sulting indicator is very sensitive to the presence of 
oxygen. For monitoring the oxygen, the resin beads 
activated with the adsorbed complex (sensing phase) 
can be directly used in liquid solutions or disposed in 
solid polymeric membranes. 

The activated resin beads when exposed to aqu- 
eous solutions or when dispersed in hydrophobic sol- 
id matrixes, respond to molecular oxygen with differ- 
ent sensivity. By using the luminiscence ratios of ni- 
trogen saturated samples compared to air saturated 
samples the sensivity of a luminiscent oxygen sensor 
can be evaluated. The activated resin beads when 
staying in contact with water exhibit an extremely high 
sensivity to oxygen (the intensity ratio is higher than 
1 000) which makes them most suitable for oxygen 
sensing at very low levels or, alternatively, for detect- 
ing very small variations in oxygen concentration (as 
it is the case for oxygen-mediated biosensing appli- 
cations). By dispersing the resin beads in an oxygen 
permeable hydrophobic polymeric matrix, the lumi- 
niscence ratio decrease to values around 10, still suit- 
able for many in-vivo medical applications. It has 
been found that the oxygen sensivity of a sensor 
based on metal-ferron complexes dispersed in a solid 
polymeric matrix depends upon several factors, for 
example: the nature of the complex, the resin, the 
polymeric matrix and the concentration of active ma- 
terial in the solid matrix. These factors can be modi- 
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f ied in order to obtain a specific oxygen sensivity for 
a determined application. 

The invention also refers to a method for detect- 
ing or measuring the oxygen concentration in a sam- 
ple, based on phosphorescence lifetime measure- 5 
ments. 

In analytical chemistry the drift problems of the 
optic signal has been often solved by methods such 
as the two-wawelength referencing method in which 
analytical signals are recorded and ratioed at two se- 10 
lected wawelengths. However, the application of 
such methods normally imply very complicated optic 
systems. A luminiscence lifetime based optical sen- 
sor comprises an internal reference system which 
provides some decisive advantages relating to the 15 
performance of the sensor. For example, the luminis- 
cence decay time is independent of the luminophore 
concentration, what turns negligible the signal drift 
due to leaching and photobleaching of the sensitive 
reagent. Moreover, the drift problems arising from ex- 20 
citation source intensity and photodetector sensivity 
fluctuations are also overcome since no absolute lu- 
miniscence intensity is measured. 

The sensing method of the invention presents 
particular advantages when compared to existing flu- 25 
orescence lifetime measurement based oxygen 
sensing systems. Provided that the lifetime phos- 
phorescence emission of the metal-ferron complexes 
of the invention is relatively long (more than 0.2 ms), 
very reproducible lifetime measurement results can 30 
be obtained with relatively simple opto-electronic de- 
vices, what is highly desirable or essential for com- 
pact and inexpensive fiber optic sensing systems. 

Figure 1 represents and example of embodiment 
of the method of the invention for forming an optosen- 35 
sor system destined to dissolved-oxygen measure- 
ment in liquid solutions. The basic flow system is con- 
stituted by a peristaltic pump (1) and a polyethylene 
tubing (2) (internal diameter 1 mm). A commercially 
available spectrofluori meter (3) (for example Perkin 40 
Elmer LS 5) can be used for all RTP intensity and life- 
time measurements of a solution in a reservoir (4) 
which flows through the system and is collected in re- 
servoir (5). 

In the sample holder of the spectrofluori meter (3) 45 
is fitted a flow-cell (6), for example as represented in 
Figures 2 and 3. The flow-cell (6) is suitable for oxy- 
gen monitoring in both gaseous and liquid samples 
circulating through tubing (2). A sensing membrane 
(7) is directly adhered to the inner face of the quartz 50 
window (8) of the flow-cell. The sensing membrane 
(7) will be formed by an Ai-ferron complex binding ion- 
exchange resin beads in a silicone membrane of 50 
|jm approximately thick. Known methods for prepar- 
ing such active membranes can be employed, for ex- 55 
ample those described in M.E. Lippitsch et al. "Fibre- 
optic oxygen sensor with the fluorescence decay 
time as the information carrier", Analytica Chi mica 



Acta, 1988, vol, 205, pp 1-6. The RTP emission pro- 
duced in the flow-cell (6) is monitored at 600 nm, with 
an excitation wawelength of 390 nm and a delay time 
of 0.4 ms and a gate time of 2 ms. Delay time is de- 
fined as the time elapsed from the beginning of the 
initial pulse to the beginning of the observation, and 
gate time is the time during which the cell (6) is re- 
ceiving the luminiscence radiation to be integrated. 

Figures 4 and 5 are graphic diagrams showing 
examples of average responses of the sensor system 
of the invention. For gaseous samples (Figure 4) the 
response time for a full signal change is about 20 sec- 
onds, and for solution samples (Figure 5) such re- 
sponse time is about 2.5 minutes. No histeresis ef- 
fects were observed in both cases. 

The classic Stern- Volmer equation is used to de- 
termine the partial pressure of oxygen from the RTP 
intensities and/or lifetimes measured. The relation is 
defined by 

l Q /l = Ksv [OJ (for intensities) 

or 

= K* sv [02] (for lifetimes) 
where l 0 and x Q are the RTP intensity and lifetime with 
no oxygen present, and I and x the intensity and life- 
time in the presence of oxygen, respectively. K$v and 
K f sv are Stern-Volmer constants. [OJ is the oxygen 
concentration in percentage. It has been observed 
that an oxygen sensing system according to the in- 
vention has a Stern-Volmer K sv constant greater than 
0.2%- 1 , approximately. 

Still another object of the invention is a FIA sys- 
tem suitable for the construction of biosensing devic- 
es employing the oxygen optosensor based on RTP 
of the invention, as a transducer of oxygen-mediated 
biosensing reactions. The FIA system comprises a 
RTP oxygen-quenchable sensor and two minicol- 
umns, one containing an oxidase enzyme and an- 
other called pretreatment minicolumn. The pretreat- 
ment column is destined to remove on-line any inter- 
ference from the injected sample solution, such as 
heavy metal cations. 

An example of embodiment of a FIA system ac- 
cording to the invention is represented in Figure 6. 
The material of the RTP oxygen-quenchable sensor 
(9) can be prepared by packing an Al-ferron complex 
immobilised on beads of an ion-exchange resin in a 
commercially available flow-cell connected to an also 
commercially available spectrofluori meter (10). The 
minicolumn (11) with the enzyme, for example glu- 
cose-oxidase if the system will be used as a glucose 
sensor, is connected to the inlet of the oxygen sensor 
(9). Known methods for the incorporation of the en- 
zyme can be used, for example G.D. Moody et al., 
"Amperometric enzyme electrode for the flow injec- 
tion analysis of glucose", Analyst (London), 1986, vol. 
111, pp. 607-609. The pretreatment column (12) con- 
tains, for example, an ion-exchange resin (Chelex 
1 00, Sigma) previously conditioned, but any other in- 



5 



9 EP 0 605 355 A1 10 



terference-re moving material could be used accord- 
ing to the interference to avoid. 

The system is fed with a determined carrier sol- 
ution (for example acetic acid/sodium acetate, pH 
5.8) from a reservoir (13) by a peristaltic pump (14), 
and a rotary valve (15) and a sample loop (16) of 100 
uJ are used for introduction of the solution sample. 

An advantageous feature of the FIAsystem of the 
invention is that the oxygen optosensor (9) can be re- 
newed easily. By simply disconnecting the two mini- 
columns (11 ,12), feeding through the valve (1 5) a sol- 
ution of AJ-ferron (for example 2 ml) prepared as 
above-mentioned, and continuously pumping the 
carrier solution through sensor (9), for example dur- 
ing 10 minutes, the oxygen optosensor will be pre- 
pared for a new utilization. 



Claims 

1. - An oxygen-quenchable phosphorescent ma- 
terial formed by at least a metal cation, selected from 
the group consisting of aluminium, gallium, indium, 
niobium and zirconium, complexed with at least a fer- 
ron molecule. 

2. - An oxygen-quenchable phosphorescent ma- 
terial, according to the preceding claim, incorporated 
to a micelle solution. 

3. - An oxygen-quenchable phosphorescent ma- 
terial, according to the preceding claim, wherein the 
micelle solution is a solution of cetyltrimethyiammo- 
nium bromide (CTAB) with a concentration of CTAB 
higher than 1x10^ M. 

4. - An oxygen-quenchable phosphorescent ma- 
terial, according to claim 1, incorporated to a solution 
of vesicles. 

5. - An oxygen-quenchable phosphorescent ma- 
terial, according to the preceding claim, wherein the 
solution of vesicles is a solution of dodecyldimethy- 
lammonium bromide (DDAB) with a concentration of 
DDAB higher than 5x10^ M. 

6. - An oxygen-quenchable phosphorescent ma- 
terial, according to claim 1, immobilised on a solid 
support which is an ion-exchange resin. 

7. - An oxygen-quenchable phosphorescent ma- 
terial, according to the preceding claim, wherein the 
beads of ion-exchange resin are disposed on a poly- 
meric matrix formed from a silicone elastomer. 

8. - An oxygen-quenchable phosphorescent ma- 
terial, according to any preceding claim comprising at 
least one free S0 3 group. 

9. - A method for immobilising on a solid support 
an oxygen-quenchable phosphorescent material 
comprising the steps of: 

- preparing an aqueous solution containing at 
least a metal cation, selected from the group 
consisting of aluminium, gallium, indium, nio- 
bium and zirconium, and at least a ferron mol- 



ecule, 

- preparing a column packed with an ion-ex- 
change resin, previously conditioned and 
washed until neutral pH, 

5 - passing said aqueous solution through the col- 

umn, at a flow rate which promote the ion-ex- 
change process, 

- washing the treated ion-exchange resin with a 
saline solution and water, and 

10 - removing and preserving until use the beads of 

said ion-exchange resin. 
10.- A method, according to the preceding claim, 
wherein the ion-exchange resin is a strong basic 
anion-exchange resin. 
15 11.- A met hod for detecting or measuring the oxy- 

gen concentration in a sample comprising the steps 
of: 

- contacting an oxygen-quenchable phosphor- 
escent material, formed by at least a metal ca- 

20 tion, selected from the group consisting of alu- 

minium, gallium, indium, niobium and zirconi- 
um, complexed with at least a ferron molecule, 
being said material incorporated to 

- a micelle solution, or 

25 - a solution of vesicles, or immobilised on 

- an ion-exchange resin, 

with the oxygen-containing sample to analyse, 
and exposing it to luminous radiation, which 
produces phosphorescence in said complex, 
30 and 

- measuring the variations in intensity and/or 
lifetime of the phosphorescence emitted by 
said metal-ferron complex resulting from the 

35 contact with said oxygen-containing sample. 

12. - An oxygen optosensor comprising an oxy- 
gen-quenchable phosphorescent material formed by 
at least a metal cation, selected from the group con- 
sisting of aluminium, gallium, indium, niobium arid zir- 

40 conium, complexed with at least a ferron molecule, 
being said material immobilised on an ion-exchange 
resin. 

13. - An oxygen optosensor, according to the pre- 
ceding claim, wherein the metal-ferron complexes 

45 immobilised on the ion-exchange resin are disposed 
in a silicone membrane supported in the quartz win- 
dow of a flow-cell. 

14. - An oxygen optosensor, according to the pre- 
ceding claim, wherein the silicone membrane is cov- 

50 ered by a second teflon or polyethylene membrane. 

15. - Use of the optosensor of claims 12 to 14 for 
monitoring oxygen in aqueous samples. 

16. - Use of the optosensor of claims 12 to 14 for 
monitoring oxygen in organic solvents. 

55 1 7.- Use of the optosensor of clai ms 1 2 to 1 4 for 

monitoring oxygen in gas mixtures. 

18.- A system for detecting or measuring the oxy- 
gen concentration in gaseous or aqueous samples by 
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a flow- inject ion analysis system comprising: 

- an oxygen optosensor according to claims 12 
to 14, 

- a spectrofluori meter connected to said opto- 
sensor, 5 

- means for processing and evaluating the sig- 
nals emitted by the spectrofluori meter, 

- a flow-circuit for the sample to analyse, 

- a first column, in the flow-circuit, packed with 

an interference-removing material for the opto- 1 o 
sensor and spectrofluori meter, and 

- a second column, also in the flow-circuit, 
packed with an oxidase enzyme. 

19. - A system for detecting or measuring the con- 
centration of glucose in samples by a flow-injection 15 
analysis system comprising: 

- an oxygen optosensor according to claims 12 
to 14, 

- a spectrofluori meter connected to said opto- 
sensor, 20 

- means for processing and evaluating the sig- 
nals emitted by the spectrof luorimeter, 

- a flow-circuit for the sample to analyse, 

- a first column, in the flow-circuit, packed with 

an interference-removing material for the opto- 25 
sensor and spectrofluori meter, and 

- a second column, also in the flow-circuit, 
packed with a glucose- oxidase enzyme. 

20. - Use of the optosensor of claims 12 to 14, in 

a flow-injection analysis system, as transducer of 30 
oxygen-mediated biosensing reactions. 

21. - Use of the optosensor of claims 12 to 14, in 
a flow-injection analysis system, as transducer in glu- 
cose monitoring. 
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